Introduction {#sec1-1}
============

Diarrheal diseases are one of the leading causes of childhood morbidity and mortality in developing countries. An estimated 1000 million episodes occur each year in children under 5 years of age. Diarrhea causes an estimated 5 million deaths in children less than 4 years of age per year.\[[@ref1]\] Incidence of diarrheal diseases still remains high despite intervention of government agencies and international organization to halt the trend. Many synthetic drugs like diphenoxylate, loperamide and antibiotics are available for the treatment of diarrhea but they have some side effects.\[[@ref2]\] The World Health Organization (WHO) encourages studies for the treatment and prevention of diarrheal diseases based on traditional medical practices.\[[@ref3]\] A number of medicinal plants have been used traditionally in the management of diarrheal diseases, and one of such medicinal plant is *Rhododendron arboreum* Sm. (Ericaceae), a small evergreen tree and distributed in temperate Himalaya from Kashmir to Bhutan. Flowers are 2.5-5-cm long deep red or pale pink crowded in large rounded corymbs.\[[@ref4]\] The flowers of the plant are used traditionally in far-west Nepal as remedy for diarrhea and dysentery but have not been investigated for its antidiarrheal activity.\[[@ref5]\] In continuation of our studies the ethyl acetate fraction of *R. arboreum* showed significant anti-inflammatory and antinociceptive activity and previously isolated one compound from an ethyl acetate fraction was hyperin.\[[@ref6]\] Therefore, the present study was undertaken to evaluate the antidiarrheal activity of ethyl acetate fraction of *R. arboreum* in experimentally induced diarrhea in animal models and standardization of isolated compound (hyperin) using high performance thin layer chromatography (HPTLC).

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Plant Materials {#sec3-1}

The flowers of *R. arboreum* were collected in the month of March, 2009, from Rudraprayag, Uttaranchal and authenticated by central facility at National Botanical Research Institute, Lucknow. A voucher specimen (NBRI/CIF/83/2009) was deposited in institute for future reference.

### Chemicals {#sec3-2}

All chemicals were of analytical grade. Castor oil, magnesium sulfate, charcoal meal (SD Fine chemicals, Mumbai); loperamide, the standard drug (Micro labs, Bangalore), atropine sulphate (Sigma Aldrich), acacia powder (gum acacia) was purchased from Qualigens fine chemicals.

### Extraction and Fractionation {#sec3-3}

The air-dried powdered flowers (200 g) were extracted with ethanol (50%) using Soxhlet apparatus, which was then evaporated in a Rotavapour and afford the ethanol extract of flowers. The extract thus obtained was partitioned with organic solvents afford the *n*-hexane, chloroform, ethyl acetate and *n*-butanol fractions. The HPTLC standardized extract was tested and showed presence of alkaloids, carbohydrates, saponins, flavanoids, anthocyanins and tannins.\[[@ref6]\]

### HPTLC Studies {#sec3-4}

Reagents used were from Merck (Germany) and standard hyperin was procured from Sigma-Aldrich (Germany). The ethyl acetate fraction was concentrated under vacuum, redissolved in methanol, filtered and finally made up to 100 ml with methanol.

### Chromatographic Conditions {#sec3-5}

Chromatography was performed in commercially available Merck HPTLC precoated silica gel 60 GF~254~ (5 × 10 cm) plates. Methanol solution of sample 9 *μ*l (Ms) into track 1 and standard concentration of hyperin 3*μ*l (S1^a^) and 6*μ*l (S1^b^) into track 2 and track 3 on the plate were applied to 6-mm-wide bands positioned from 8 mm from the bottom using Camag Linomat V, which is microprocessor-controlled and programmable with nitrogen flow providing a delivery speed of 150 nl/s from an application syringe. All three tracks were scanned at 366 nm on HPTLC instrument. For quantitative estimation of hyperin in *R. arboreum* flowers, a comparison spectra was determined at 360 nm.

### Test Animals {#sec3-6}

Wistar albino rats (150-200 g) and Swiss albino mice (15-30 g) of either sex were kept in the departmental animal house of National Botanical Research Institute, Lucknow at 25±2°C and relative humidity 50 ± 5%, light and dark cycles of 10 and 14 hours, respectively, for 1 week before and during the experiments. All experiments were performed according to guidelines of Institutional Animal Ethics Committee, CPCSEA, India (Reg. No.222/2000/CPCSEA).

### Castor Oil-Induced Diarrhea {#sec3-7}

A total of 30 albino rats were divided into five groups of six animals in each. All rats were fasted for 18 hours and received castor oil at a dose of 1 ml/animal orally (p.o.) using orogastric cannula for induction of diarrhea.\[[@ref7]\] Thirty minutes after castor oil administration, rats of group I (control) received 1.0 ml/100 g of 0.9% NaCl in distilled water (normal saline) and rats of groups II, III and IV received 100, 200 and 400 mg/kg EFRA p.o. and group V received standard drug, loperamide (3 mg/kg p.o.), respectively. The animals were placed separately in metabolic cages over white clean Whatman filter paper, which was changed every hour. The severity of diarrhea was assessed each hour for 4 hours. The total number of diarrhea feces of the control group was considered 100%.

\% inhibition= (Control- Test) ×100/Control

### Magnesium Sulfate-Induced Diarrhea {#sec3-8}

Swiss albino mice (15-30 g) were divided into five groups of six animals each. Diarrhea was induced by oral administration of magnesium sulfate at a dose of 2 g/kg in all groups.\[[@ref7]\] Thirty minutes after magnesium sulfate administration, mice of group I (control) received 1.0 ml/100 g of 0.9% NaCl in distilled water (normal saline) and mice of groups II, III and IV received 100, 200 and 400 mg/kg EFRA p.o. and group V received the standard drug, loperamide (3 mg/kg orally), respectively. After this administration, the animals were placed separately in metabolic cages with filter paper, which was changed every hour. The severity of diarrhea was assessed each hour for 4 hours. The total number of diarrhea feces of the control group was considered 100%. The results were expressed as a percentage of inhibition of diarrhea compared with control.

### Measurement of Gastrointestinal Transit Time Using Charcoal {#sec3-9}

The adult rats selected without sex discrimination were fasted for 18 hours and divided into five groups of six animals each. Castor oil (1 ml) was administered orally to the animals. One hour later, Group I (control) was administered 1.0 ml/100 g of 0.9% NaCl in distilled water (normal saline) and rats of groups II, III and IV received 100, 200 and 400 mg/kg EFRA p.o. and group V received standard drug, atropine sulfate at a dose of 5 mg/kg through oral route, respectively. After 30 min of the administration, 1 ml of charcoal meal (10% suspension in 5% gum acacia) as a marker diet was given orally to rats in each group. The rats were sacrificed by ether (20% v/v) anesthesia and small intestine was carefully separated from mesentery avoiding being stretched. For each animal, gastrointestinal transit was calculated as percentage distance travelled by charcoal meal to the total length of intestine. The inhibitory effect of EFRA on gastrointestinal transit was calculated relative to respective group.\[[@ref8]\]

### Castor oil-induced enteropooling {#sec3-10}

Castor oil-induced enteropooling was determined by the method of Robert *et al*.\[[@ref9]\] The adult rats selected without sex discrimination were fasted for 18 hours and divided into five groups of six animals each. Castor oil (1 ml) was administered orally to these animals. One hour later, Group I received 1 ml/100 g of normal saline solution and rats of groups II, III and IV received 100, 200, and 400 mg/kg EFRA p.o. and group V received standard drug, loperamide (3 mg/kg orally) respectively. After 2 hours of treatment, the rats were sacrificed by ether anesthesia. The edges of the intestine from pylorus to ceacum were tied with thread and the intestine was removed and weighed. Intestinal content was collected by milking into a graduated tube and the volume was measured. The intestine was reweighed and differences between full and empty intestines were calculated.

### Statistical Analysis {#sec3-11}

All the data were presented as mean±S.E.M. and analysed by using one-way ANOVA followed by Student\'s *t*-test for the possible significant identification between the various groups. A value of *P*\<0.05 was considered statistically significant.

Results {#sec1-3}
=======

 {#sec2-2}

### Detection and Quantification of Hyperin {#sec3-12}

Following sample application, plates were developed in a Camag twin trough chamber and the bands were separated using butanol:methanol:water (2:7:1) as a mobile phase \[[Figure 1](#F1){ref-type="fig"}\]. After development, the layers were dried with a dryer and hyperin was simultaneously quantified using Camag TLC scanner model 3 equipped with Camag Wincats IV software \[[Figure 2](#F2){ref-type="fig"}\]. The concentration of hyperin in *R. arboreum* flowers was found to be 0.148% with R~f~ value 0.72.

![HPTLC plate of *Rhododendron arboreum* under UV 366](IJPharm-43-689-g001){#F1}

![HPTLC densitogram of methanol solution of sample](IJPharm-43-689-g002){#F2}

### Castor Oil-Induced Diarrhea {#sec3-13}

The EFRA flowers was found to be effective against castor oil-induced diarrhea on experimental rats at various doses of 100, 200 and 400 mg/kg body weight as compared to control \[[Table 1](#T1){ref-type="table"}\]. Standard drug loperamide significantly (*P*\<0.001) inhibited diarrheal feces by 79.72% and total weight of feces by 86.8%. EFRA significantly (*P*\<0.05-0.01) inhibited number of diarrheal feces by 24.48-71.07% in a dose-dependent manner from 100 to 400 mg/kg.

###### 

Effect of ethyl acetate fraction of *Rhododendron arboreum* Smith flowers (EFRA) at different dose levels on castor oil-induced diarrhea in rats

![](IJPharm-43-689-g003)

### Magnesium Sulfate-Induced Diarrhea {#sec3-14}

EFRA caused a significant (*P*\<0.05-0.001) reduction in number of diarrheal feces by 24.55% at a dose of 100 mg/kg, 56.28% at a dose of 200 mg/kg and 73.65% at a dose of 400 mg/kg body weight. Standard drug loperamide cause significant (*P*\<0.001) reduction in diarrheal feces by 89.22% at a dose of 3 mg/kg body weight \[[Table 2](#T2){ref-type="table"}\].

###### 

Effect of ethyl acetate fraction of *Rhododendron arboreum* Smith flowers (EFRA) at different dose levels on magnesium sulfateinduced diarrhea in mice

![](IJPharm-43-689-g004)

### Measurement of Gastrointestinal Transit Using Charcoal Meal {#sec3-15}

Administration of EFRA showed a significant (*P*\<0.05-0.001) dose-dependent reduction of gastrointestinal transit in rats \[[Table 3](#T3){ref-type="table"}\]. EFRA showed significant decrease in gastrointestinal transit and percent inhibition 91.36%, 72.14% and 66.03% at dose levels of 100, 200, and 400 mg/kg. The gastrointestinal transit using charcoal meal under the same experimental condition with atropine sulfate (*P*\<0.001) showed 42.13% inhibition in gastrointestinal transit.

###### 

Effect of ethyl acetate fraction of *Rhododendron arboreum* Smith flowers (EFRA) at different dose levels on gastrointestinal transit using charcoal meal in rats.

![](IJPharm-43-689-g005)

### Castor oil-induced enteropooling {#sec3-16}

The ethyl acetate fraction of *R. arboreum* flowers (EFRA) was found to possess an antienteropooling in castor oil-induced experimental animals. EFRA significantly (*P*\<0.05-0.001) inhibited the intestinal content by 2.64 ± 0.37 to 1.43 ± 0.29 dose dependently from 100 to 400 mg/kg. The standard drug, loperamide at a dose of 3 mg/kg also significantly (*P*\<0.001) reduced intestinal content by 1.28 ± 0.67. The weight of intestinal content was also significantly (*P*\<0.05-0.001) decreased by 3.87 ± 0.45 to 2.21 ± 0.67 at dose levels of 100-400 mg/kg \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of ethyl acetate fraction of Rhododendron arboreum Smith flowers (EFRA) at different dose levels on castor oil-induced enteropooling in rats

![](IJPharm-43-689-g006)

Discussion and Conclusions {#sec1-4}
==========================

Diarrhoea is the frequent passage of liquid feces and it involves both an increase in the motility of the gastrointestinal tract, along with increased secretion and decreased absorption of fluid, and thus a loss of electrolytes (particularly sodium) and water.\[[@ref10]\] Hence to restore personal comfort and convenience, many patients require antidiarrheal therapy and treatment is carried out to achieve, among other objectives, increased resistance to flow (segmental contraction, decreased propulsion and peristalsis) and increased mucosal absorption or decreased secretion.\[[@ref11][@ref12]\] In this context, the investigations of the antidiarrheal effect of *R. arboreum* in this study comprised evaluation of its effect on castor oil-induced diarrhea and magnesium-induced diarrhea. Its effect on gastrointestinal transit using charcoal meal and castor oil-induced enteropooling was also investigated with reference to actions of drugs like atropine sulfate in reducing gastrointestinal transit.

Castor oil, a very effective laxative, is hydrolyzed in the upper small intestine to ricinoleic acid,\[[@ref13]\] which can stimulate fluid secretion, inhibit water and electrolyte absorption, reduce active Na^+^ and K^+^ absorption, and decrease Na^+^, K^+^ -ATPase in the small intestine and colon.\[[@ref14][@ref15]\] Castor oil also increases the peristaltic activity and produces permeability changes in the intestinal mucosal membrane to electrolytes and water. Furthermore, ricinoleic acid can also lead to the release of endogenous prostaglandins,\[[@ref16]\] which play an important role in the modulation of GIT, stimulate motility and secretion, and cause diarrhea.\[[@ref17]\] In our study, the results showed that EFRA could, in a dose-dependent manner, reduce castor oil-induced diarrhea as well as the number of diarrheal feces and total weight of feces, which could be taken as antidiarrheal activities. Loperamide is one of the most efficacious and widely employed antidiarrheal drug. Loperamide effectively antagonized the diarrhea induced by castor oil,\[[@ref18]\] prostaglandin\[[@ref19]\] or cholera toxin.\[[@ref20]\] The therapeutic effect of loperamide is believed to be due to its antimotility and antisecretory activity.\[[@ref21]\]

Magnesium sulfate has been reported to induce diarrhea by increasing the volume of intestinal content through prevention of reabsorption of water. It has been demonstrated that it promotes the release of cholecystokinin from the duodenal mucosa, which increases the secretion and motility of small intestine and thereby prevents the reabsorption of sodium, chloride and water.\[[@ref22]\] The ethyl acetate fraction of *R. arboreum* flowers was also found to reduce magnesium sulfate-induced diarrhea significantly which could be due to increased absorption of water and electrolytes.

The EFRA exhibited significant antidiarrheal activity on gastrointestinal transit using charcoal meal in rats. Hypermotility characterizes forms of diarrhea where the secretory component is not the causative factor.\[[@ref23]\] The EFRA suppressed the propulsive movement or gastrointestinal transit of charcoal meal which clearly indicates that extract may be capable of reducing the frequency of stools in diarrheal conditions. The extract inhibits gastrointestinal motility in diarrhea through anticholinergic effect. Anticholinergic agents are known to inhibit gastrointestinal hypermotility. Castor oil-induced gastrointestinal hypermotility has been suggested to be indirectly mediated by cholinergic system since it is inhibited by atropine sulfate, a known anticholinergic agent.\[[@ref24]\]

EFRA was found to possess an antienteropooling in castor oil-induced experimental animals by reducing both weight and volume of intestinal content. These effects are direct consequences of reduced water and electrolytes secretion in small intestine, suggest that extract may enhance water and electrolyte absorption from intestinal lumen. Phytochemical screening revealed the presence of numerous constituents such as flavonoids, saponins, tannins, phytosterols, reducing sugars and phenolic compounds. Antidiarrheal properties of medicinal plants were found to be due to tannins, flavonoids, alkaloids, saponins, reducing sugar, sterol and terpenes.\[[@ref25][@ref26]\] Hence tannins, reducing sugars and sterols may be responsible for mechanism of antidiarrheal activity of EFRA. These provide a scientific basis for the potential use of EFRA in GI disorders such as diarrhea. In conclusion, the data obtained in this study suggest that the ethyl acetate fraction of *R. arboreum* flowers has antidiarrheal activity thus justifying its traditional use in diarrhea. Further studies are needed to identify the exact mechanisms and chemical compounds that are responsible for these pharmacological actions.
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